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Itoelve mature dairy bulls were employed at random into three 
groups to evaluate the effects of controlled artificial light, tem­
perature, and humidity on semen characteristics and physiological 
responses. Bulls in Group I were housed in one-half of a large 
b a m  (control), and Group II were housed in the remaining half of 
the b a m  with the addition of controlled artificial light. These two 
groups were cooled similarly by overhead fans. Bulls in Group III 
were housed in an environmental control chamber maintained at 64°F,
15 mm Hg. vapor pressure, and controlled artificial light. Animals 
in Groups II and III were exposed to artificial incandescent light 
for three consecutive periods, 1, 2, and 3, respectively, for 14, 15, 
and 16 hours of illumination.
The maximum mean daily ambient temperatures for Groups I and II 
were 85.4, 87.8,and 86.3°F for periods 1, 2, and 3, respectively, whereas 
the minimum mean daily ambient temperatures were 73.7, 77.4, and 74.7°F 
for periods 1, 2, and 3, respectively. The greater part of this study 
was conducted during a mild summer as compared to previous summers. The 
mean daily vapor pressure for Groups I and II were 18.1, 20.6, and 19.2 
mm Hg. for periods 1, 2, and 3, respectively.
The corrected mean initial progressively motile spermatozoa 
values for Groups I, II, and III were, respectively, 46.1, 49.3, and 50.1
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per cent (P^O.Ol) and for periods of 14, 15, and 16 hours of artifi­
cial light were 50.1, 49.0, and 46.7 per cent, respectively (P<.0.05). 
Likewise, significant differences (P<C»0.01) among groups were ob­
served for percentage of morphologically abnormal spermatozoa, liva- 
bility of spermatozoa and methylene blue reduction time (modified). 
However, no significant differences (P>0.05) were attained for con­
centration of spermatozoa per milliliter, total number of spermatozoa, 
total number of live spermatozoa, and volume of semen per ejaculate.
A higher percentage of shippable ejaculates was obtained from Group III 
than from Groups I and II, and Group II had a higher percentage than 
Group I. These differences were significant (P^.0.01).
The serum protein-bound iodine level declined slightly during 
the period with 15 hours of light and was essentially equal during the 
periods with 14 and 16 hours of light. Bulls that were exposed to 
artificial light (Groups II and III) exhibited a significant (P<,0.01) 
decrease in respiration rate as compared with the control. However, 





Under conditions in which bulls remain with the female herd the 
entire year, mating usually takes place during the spring and early sum­
mer months. However, to increase production and obtain optimum market­
ing conditions, many dairymen and cattlemen prefer breeding their animals 
to calve in the fall. The effects of season on reproduction in the male 
and female are not fully understood as indicated by conflicting reports 
found in the literature. Temperature, humidity, nutrition and the length 
of daylight are thought to be the major components of season influencing 
reproduction in cattle, but the effects of light have not been established.
The influence of light on the germination of seeds has been dis­
cussed for nearly a hundred years, but it was the work of Flint and 
McAlister in 1937 that first demonstrated a clear-cut promotion of germi<- 
nation by red light. Also, it is well-known that the red part of the 
visible spectrum has the greatest influence on the flowering of long-day 
and short-day plants. The photoperiod is known to control a great many 
anatomical processes of plants and animals. However, the metabolic changes 
that bring about these responses are largely unknown. It has been demon­
strated that seedlings of many woody species respond to short days by 
ceasing active extension growth and forming resting buds.
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The investigations of Bissonnettee with Stumus Vulgaris re­
vealed that red light stimulates testicular development, whereas green 
light is ineffective. In the domestic fowl, red and white light are 
equally effective in maintaining high egg production. However, red 
light has been found to be more effective in stimulating testicular de­
velopment in domestic ducks. Total duration of light becomes more ef­
fective in stimulating testicular development if it is broken into 
shorter periods.
The original investigation of Rowan in 1925 revealed that the 
gonads of the Canadian junco could be stimulated to unseasonable sexual 
maturity by means of extra light in the autumn. This has led to studies 
designed to control vertebrate breeding cycles by environmental varia­
tions which have become fused with investigations relating to the physi­
ology of the ductless glands, nutrition, hair or feather molt, nervous 
system, behavior and migration of birds. Some of the cold-blooded verte­
brates studied reacted to changing temperature rather than light.
Numerous investigations in Louisiana have shown a decline in semen 
quality and fertility in all major breeds of dairy and beef bulls for a 
period of four to eight weeks during late summer. However, the length 
of this period varied greatly from year to year, depending on the sever­
ity of the summer heat. In some cases, it has brought about temporary 
sterility. In an effort to overcome the usual decline in fertility ob­
served during the late summer and early fall months, the Louisiana State 
University Dairy Improvement Center freezes as much semen as possible dur­
ing the winter and spring months with only a limited amount being frozen 
during the summer and early fall. Various managerial practices have been
been studied with the intent of overcoming the summer slump in semen 
quality and fertility. Such practices as the use of air conditioning, 
electric fans, water sprinklers, feeding systems, natural shade (trees), 
and open sheds have been investigated. However, none of these studies 
included the effect of artificial light.
Since there is very little available information in the field of 
photobiology. The influence of light on the reproductive cycle of lower 
animals is somewhat well-established, but its effect on the bovine species 
has not been clearly defined.
The widespread use of frozen semen preservation technique has 
brought about an increasing demand for bulls of superior gene complement. 
This would signify that a greater number of cows could be bred from this 
kind of individual. One of the obvious limitations to the number of 
calves that can be sired by a particular bull is the number of high qual­
ity sperm produced by the bull. Numerous factors affecting semen quality 
and production have brought about a real challenge to artificial insemina­
tion in today'8 cattle industry and an anticipation for nearer 100% utili­
zation of the semen produced. Semen production of high quality and an 
operation at this level of efficiency is a real challenge to the arti­
ficial insemination industry. Possibly the influence of artificial light 
may be a contributing factor which will aid the "Semen Producing Busi­
nesses" in maintaining a high level of semen quality which is necessary 
to attain this goal.
Therefore, the objectives of this study were:
(a) to investigate the effects of artificial
incandescent light and ambient temperature
on various semen characteristics;
to study the influence of artificial incandes­
cent light and ambient temperature on various 




Just as a careful farmer scrutinizes his grain seed and tests it 
for viability before planting, so do cooperative breeding associations 
and many stockmen today examine the semen of sires. They are aware that 
without fertile sperm, the whole program for better breeding breaks down. 
Although the best test of the fertilizing capacity of a male is his abil­
ity to "settle" the females which are inseminated to him, this is slow as 
compared to the evaluation of semen in the laboratory prior to its being 
used.
With the increase in the ujBeof artificial insemination, fertil­
ity tests are assuming greater importance. No single method is entirely 
adequate for the evaluation of semen, but rather, a combination of methods 
is employed.
2* Motility of Spermatozoa
Among the various laboratory tests, initial motility has been the 
most widely used and has frequently served as a basis for evaluating other 
semen quality tests. Reynolds (85) was one of the first —  in 1916 —  to 
describe the various types of motility. He emphasized even then that 
vigor of motion was necessary for high fertility. Donham jet al. (28)
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examined semen of bulls after natural service and found a definite re­
lationship between motility and conception rate. W. L. Williams (112),
W. W. Williams (111), and Swanson and Herman (100) did not consider 
initial motility alone to be a satisfactory fertility index.
Considerable variation does occur in motility even in semen from 
the best bulls; and it is not uncommon to get specimens of poor or bad 
motility —  from time to time -- from perfectly normal, fertile bulls. 
Occasionally, motility in the first ejaculation is poorer than in the 
second or third ejaculates. These differences have been noticed from 
time to time by the author.
An experienced observer can discern fairly accurately the dif­
ference between motile sperm and those that are being carried along due 
to the motion of the other sperm. Thus, motility rating gives a fairly 
accurate estimate of the percentage of live sperm and the vigor of the 
sperm. However, this test does not indicate the degree of resistance 
of spermatozoa to temperature and environmental changes, and motility 
rating is not highly correlated with either longevity or fertility of 
the semen (58).
Numerous workers, including Reynolds (85), Herman and Madden (48), 
Nalbondov and Casida (73), Laing (57), Herman and Swanson (47), Anderson 
(3), and Van Demark et £1. (109), have reported that motility — - par­
ticularly with reference to vigor of motion as well as the amount —  is 
an Important test of fertility. It will also be noted that initial mo­
tility has been used as one of the routine tests for semen quality and 
fertility at several laboratories and bull studs for some time (13, 14, 
109).
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On the other hand, several investigators, including Dougherty et 
al. (30), Mercier and Salisbury (66), Lasley and Bogard (58), reported 
that motility rating was not significantly correlated with fertility. 
However, Nalbondov and Casida (73), Laing (57) and Herman and Swanson 
(47) considered initial motility of limited importance as an index of 
fertility.
Numerous studies at the Louisiana State University stud demon­
strated clearly that motility is positively correlated with fertility 
(15,16, 44).
3. Concentration of Spermatozoa
It is of general agreement among research workers that the aver­
age number of spermatozoa per ml. of semen is about 1,200,000,000 from 
bulls selected and used extensively for artificial insemination; how­
ever, when all bulls are considered, the range is from 300,000,000 to 
over 2,000,000,000 spermatozoa per ml. (3, 48, 102).
Mercier and Salisbury (66), in a study of spermatogenic activity 
of 10 bulls over a 12-month period, found a highly significant (P ^
0.01) correlation coefficient of 0.162 between concentration and fer­
tility. This study involved 328 ejaculates used for 20,689 insemina­
tions. Later, Swanson and Herman (102), in a study of the concentration 
of spermatozoa in semen used in 559 inseminations, observed that there 
was a slight tendency for the more concentrated semen to produce a 
larger percentage of conceptions.
Davis and Williams (25) obtained a slight correlation between vol­
ume per ejaculate and concentration. Van Demark et al. (109) obtained a 
correlation coefficient of -0.58 between concentration of spermatozoa
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and the methylene blue reduction test. The findings of Branton et al.. 
(15) revealed that concentration was highly significant in determining 
the length of the conventional (by volume) methylene blue reduction test. 
The maximum concentration of spermatozoa observed by Erb jet al. (32) was 
produced during the months of April, May, and June. A highly significant 
(r ■ +0.2834) positive correlation between concentration and fertility
on a "total basis" was reported by Branton et al. (15).
The concentration of sperm varies widely -not only from male to 
male of the same species, but in ejaculates of the same male. It is of 
great value to know the approximate concentration of sperm in each ml. of 
semen, for this is a measure of its quality and determines the rate for 
diluting it for routine insemination. There are now several ways of de­
termining sperm number, the oldest of which is the use of the hemocy- 
tometer. A newer and more practical device for use in large breeding 
headquarters is the photoelectric colorimeter.
4. Morphology of Spermatozoa
Every ejaculate contains some abnormal spermatozoa. Therefore, 
no semen examination is complete without a study of the morphology of 
the sperm and a differential count which shows the types and proportion
of abnormals present. In general, aberrations affecting the head of the
sperm are more serious than those of the middlepiece or tail.
There is very little correlation between percentage of abnormal 
spermatozoa and fertility unless there is a relatively high percentage 
of abnormal sperm (101, 108). Donham et al. (28) agreed that there is 
little, if any, decrease in fertility as long as there are not more than
15 per cent of abnormal spermatozoa. With higher percentages of ab­
normal spermatozoa (such as 35 to 50%), the fertility of the semen de­
creases rapidly.
The percentage of abnormal spermatozoa in itself is not a good 
indication of semen quality according to Herman and Madden (48), and 
9wanson and Herman (100, 101); but if the number of abnormal spermato­
zoa exceeds 30 per cent, there is a drop in conception (103).
However, there is general agreement among research workers that 
the percentage of abnormalities should not exceed 20 to 30 per cent. 
Therefore, the percentage of abnormal spermatozoa should be considered 
in determining the quality of a semen sample. A rough estimate of the 
proportion of abnormal spermatozoa can be made at the time an ejaculate 
is being examined for initial motility.
5. Volume of Semen
It is important that sires give liberal amounts of semen so that 
many inseminations can be made if required. Although there is no high 
correlation between the amount of ejaculate and fertility, generous­
sized collections are usually considered a favorable sign. Large volume 
is not always accompanied by a high sperm count. Differences in volume 
are sometimes due to the vigor of the thrust at the time of collection. 
Hence, there should be no distracting noise or other interference.
Branton _et al. (16) reported that proper preparation before ser­
vice is necessary for securing a large number of the best-quality sperm. 
Teasing of the male sexually or allowing "false mounts" is frequently 
practiced.
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The average volume of the ejaculate Is about 4.84 ml., with a 
range from approximately 0.5 to 12.0 ml. The amount varies consider­
ably from time to time In the same bull and in different bulls. Herman 
and Swanson (47) found that the volume of 334 ejaculates from 50 bulls 
varied from 2.5 to 5.5 ml., with a mean of 4.38 ^  1.02 ml. Anderson 
(3) found that in one series of 241 ejaculates from six normal bulls the 
mean volume was 4.40 * 0.13 ml. in South Africa. At the Louisiana State 
University Dairy Improvement Center, the average volume per ejaculate 
has been slightly under 4.0 ml.
6. Methylene Blue Reduction Test
Semen containing a high concentration of active sperm uses oxygen 
at a more rapid rate than poor quality semen. This causes an excess of 
hydrogen which combines with the methylene blue (chloride) to form lenco- 
methylene blue. The relative length of time required for this bleaching- 
out or reduction of blue color serves as an indication of the number and 
activity of the spermatozoa in the semen. The rate of this reduction in 
semen depends largely upon the concentration and activity of the sperma­
tozoa; however, it is influenced to some degree by such factors as bac­
teria, enzymes, light and other characteristics which may vary the 
hydrogen reduction (48).
Beck and Salisbury (4) reported highly significant negative cor­
relations of -0.6532 and -0.6577 between methylene blue reduction time 
and sperm concentration and initial motility, respectively, on a total 
of 383 collections of semen from 30 different bulls. When the meansJbr 
the individual bulls were used for the statistical analysis, highly sig­
nificant correlations of -0.8169 and -0.8252 were obtained between mean
methylene reduction time and mean concentration and mean initial motil­
ity , respectively. It was also found that the kinds and the numbers 
of bacteria had little effect on the reduction test of fresh semen pro­
viding the usual precautions were taken in collecting the semen samples. 
These findings in regard to the effects of bacteria were later substan­
tiated by Gunsalus £t al. (41). No correlations were given between 
methylene blue reduction time and fertility by any of these authors.
Van Demark _et jal. (109) obtained correlation coefficients between 
methylene blue reduction time and other tests: volume, 40.30; concen­
tration, -0.58; pH, 40.50; ascorbic acid content, 40.08; glucose, 40.03; 
and lactic acid, 40.42. The correlations between methylene blue reduc­
tion time and volume, initial motility, initial pH, and initial lactic 
acid content were highly significant.
Spermatogenic activity and fertility of bulls were studied by 
Mercier and Salisbury (66), who found that methylene blue reduction 
time, concentration of spermatozoa, and the proportion of morphologi­
cally abnormal spermatozoa were all significantly correlated with the 
level of fertility of the same semen samples. The correlation coeffi­
cient between methylene blue reduction time and fertility level of 328 
semen samples was -0.126.
A significant negative correlation was obtained by Branton et al. 
(15) between the conventional methylene blue test and other tests: con­
centration, -0.66; initial motility, -0.31; motility after cold shock, 
-0.37; and motility at the end of three days storage at 40°F, -0.34.
They also devised a modified methylene blue reduction test in which 240
12
million and 300 million spermatozoa were used rather than a standard 
quantity of semen. The only test significantly correlated with fer­
tility was the one employing 300 million spermatozoa, r - -0.2150. The 
maximum reduction time recommended for the above test was nine minutes, 
preferably seven. Significant correlation coefficient between methy­
lene blue reduction time and fertility were obtained by Hathorn (44) 
with the application of the modified methylene blue reduction test. By 
holding the number of spermatozoa constant at 240 million in the test, 
the variability due to concentration of spermatozoa was removed. Later 
work from this station indicated that the methylene blue reduction test 
is correlated with freezability of semen.
7. Livability of Spermatozoa
The great variability in conception rates where artificial insem­
ination - as well as natural service - is used is readily observed. It 
is often difficult, however, to isolate the exact cause of low breeding 
efficiency. The quality of semen used is only one factor, but it is an 
important one. The livability of sperm bears some relationship to their 
fertilizing powers.
The length of time that spermatozoa will maintain good motility 
in storage is one of the best indications of the fertility value of the 
semen. Semen that is collected aseptically and properly handled should 
be stored at 35° to 40°F. Either diluted or undiluted semen may be 
stored satisfactorily; if diluters are used, they should not be harmful 
to the sperm in any way (48). Swanson and Herman (101) and Margolin et 
al. (61) found a highly significant linear correlation between storage
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time and conception rate. Actual breeding records have shown that semen 
which dropped in motility rating from 2 or better to 1 or less within 48 
hours gave poor conception rates, while semen that maintained a 2 or 
better motility for 72 hours resulted in a greater percentage of con­
ceptions.
The longevity of the spermatozoa in storage as reported by Herman 
et al. (46) is acceptable as a basis of comparison for many of the short- 
time quality tests of sperm. Sperm that will maintain good motility for 
long periods of time (3-5 days) in storage are more viable and represent 
more fertile semen than weak sperm that will not withstand storage. The 
breeding records of the bull and longevity of the spermatozoa in storage 
are best indications of the fertility of semen.
The rate of non-return to service as reported by Fryer et al. (36) 
in a trial involving bulls, varied from 5 to 11 percentage units (depend­
ing on breed) for each additional day of storage of liquid semen. This 
is in agreement with the results reported from the Louisiana Station.
8. Environmental Effects on Physiological Reproductive 
Pefformance
It is generally believed that high environmental temperatures are 
deleterious to both physiological and mental activities in the mammal.
It is also known that reproduction is controlled by many physiological 
systems. Hence, it would seem that high temperature could affect repro­
duction indirectly through such factors as the general well-being of the 
animal, feed intake, stress, and perhaps others. High temperature could 
also act directly upon formation of sperm, ova and embryos or upon uter­
ine environment in which embryos must develop.
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At the beginning of the present century, it was noted by Moore 
(71) that a cryptorchid male produced no sperm and that it was possible 
to produce this condition experimentally by placing the testes in the 
abdominal cavity. These observations suggested that the higher tem­
peratures of the abdominal cavity caused degeneration of the germinal 
epithelium. Phillips and McKenzie (82) showed that the testes were 
maintained at a lower temperature by a thermo-regulatory mechanism in 
the scrotum wall. Hence, it was demonstrated by McKenzie and Berliner 
(64) that semen quality could be decreased by raising the temperature 
of the testes.
The results obtained by Johnston and Branton (50) on seasonal 
differences in spermatogenic activity and fertility in dairy bulls is 
also explained on the basis of higher summer environmental temperatures. 
The semen quality of bulls used in the stud at Louisiana State University 
decreased during the summer and early fall months, and there was a de­
crease in the per cent 60-to 90-day non-return of cows bred during this 
period. However, workers from areas which are generally cooler during 
the summer months were not able to show this decrease in summer fertil­
ity (1, 33, 66).
Casady et _al. (22) used temperature-control chambers to show that 
temperatures of 85°F for five weeks could impair spermatogenesis in the 
dairy bull. Also, when a male was exposed to temperatures of 90° to 
100°F, it took only two weeks to show impaired spermatogenesis and re­
quired six to eight weeks for the rate of spermatogenesis to return to 
normal.
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Fukl (36) reported that high air temperatures caused an increase 
in scrotal temperatures. When scrotal temperature reached body tempera­
ture or above, degeneration of the epithelium and damage to fully formed 
spermatozoa occurred. He suggested that this damage might be due to heat 
lability of testicular proteins.
In the investigation of Patrick and Herman (75), studies were made
of 35 bulls for a period of one year. In this group of bulls they found
that the percentage of bulls producing poor quality semen ranged from 0% 
in April and May to a peak of 31% in September. However, a later study 
by Patrick at jal. (76) involved a group of bulls maintained at 80°F and 
a control group under natural conditions with temperatures ranging up to 
95°F. Eighty seven per cent of the semen samples collected from the bulls 
maintained at 80°F were of shippable quality and only 63% of the semen 
samples collected from the control were suitable for use. These findings 
are in agreement with those of Patrick et: (77, 78, 79).
Casady (21), in his experiment, found that initial motility, sperm
concentration, and total sperm declined when dairy bulls were exposed to 
high ambient temperature. He did find, however, that sexual libido was 
unaffected in the same bulls.
From this review of literature, it is quite conclusive that high 
environmental temperatures can cause a decrease in fertility, semen qual­
ity, and sperm production. Furthermore, the ova of females under constant 
high temperature may be affected directly prior to fertilization, but less 
severe or variable temperatures may bring a change in uterine environment 
so as to cause death of the embryo prior to the time of implantation.
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9. Environmental Influence upon the Thyroid as Related to 
Reproductive Performance
Considerable work has been done in the field of thyroid physi­
ology, but further work is needed to elucidate the role of the thyroid 
gland in the regulation of various reproductive processes in both sexes 
of animals. Previous workers, not realizing the importance of the thy­
roxin secretion rate as a basis for determining the effective dose, have 
administered either too little or too much thyroid material, and, in con­
sequence, have reported quite contradictory results (60).
The thyroid gland influences about 40 per cent of the resting 
metabolism of an animal, It can be concluded that, for a given physio­
logical condition indices, such as respiration rate and rectal tempera­
ture, theorectically would appear to be manifestations of thyroid 
activity (49).
The activity of the thyroid is apparently most critical at ele­
vated environmental temperatures.
Cramer (24) observed that when animals were exposed to cold, the 
colloid in the thyroid vesicles became diminished and the acinar cells 
were enlarged. A few years later, Mills (70) revealed that high ex­
ternal temperature reduced thyroid activity as evaluated by morphology 
and rate of growth. He also observed that low temperatures increased 
thyroid activity and accelerated growth.
Working with the ground squirrel, Zalesky and Wells (117) ob-
\served a significant increase in thyroid weights in both males and fe­
males due to decreased temperature. They noted also that low environmental 
temperature stimulated thyroid size.
17
Dempsey and Searles (26) found that 95°F temperature reduced 
follicle cell size and Increased colloid storage, and tempierature of 
35°F Increased cell height. The thyroid secretion was stimulated by 
reduction of environmental temperature, as reported by Dempsey and 
Astwood (27).
Bogart and Mayer (12) investigated the theory that high environ­
mental temperature may influence the fertility of the ram by direct 
effects upon the spermatozoa or upon the process of spermatogenesis. 
Since the temperature which is detrimental to the fertility of rams 
is lower than the temperature at which the testes function, they con­
cluded that the temperature cannot be influencing reproduction by an 
effect upon spermatogenesis or upon spermatozoa. The stimulating 
effects of thyroxine administered during periods of high temperatures 
and the harmful effects of thiouracil administered during the normal 
breeding season suggest that the level of thyroidal activities influ­
ences the relative performance of the reproductive organs. Changes in 
semen quality similar to those produced by high environmental tempera­
tures are induced during the breeding season by the feeding of thioura­
cil. These findings differ with Patrick et j j i l .  (80) and Maqsood (59,
60) who found that thyroxine exerted little or no effect upon the inter­
stitial cells.
The investigation of Blincoe and Brady (10) showed that tempera- 
tures above 95°F depressed thyroid uptake of I in Holstein, Jersey, 
Brown Swiss and Brahman cattle. However, a later study of Blincoe (11) 
revealed that a few breeds of cattle were more tolerant than others with
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regard to the effect of heat on thyroid activity. Temperatures of 80°F
depressed thyroid activity of Shorthorns by 45 per cent as indicated by 
131I uptake, but Santa Gertrudis cattle were affected only slightly and
Brahmans not at all.
It was concluded by Henderson (46) that temperatures within the
range of 50° to 90°F resulted in decreasing ambient temperatures in
stimulated thyroid epithelial cell height, thyroid secretion rate and 
131I release but had no effect on zero time uptake.
As believed by Selye (95), the harmful effects of temperature are 
not due to directly Injurious influences on the spermatozoa; instead, 
they are due to the action of the pituitary. That is, during hot weather 
the pituitary has a smaller output of a thyrotrophic hormone which re­
sults in decreased thyroxine production and subsequent lowered fertility. 
Cold weather, on the other hand, produces the opposite effect.
McKenzie and Berliner (64) concluded that there is a close rela­
tionship between the functions of the thyroid and the testes in the ram. 
They associated low thyroidal activity with both poor spermatozoa pro­
duction and obesity.
In regions where high temperatures prevail before and during the 
onset of the breeding season, rams with a high level of thyroid activity 
are better able to reproduce than animals with lower thyroid activity.
Low production of spermatozoa is believed to be caused by low thyroid 
activity in the summer. Anderson (2) postulated that the reaction of the 
thyroid to either internal or external stimulation might be a hereditary 
constitutional factor of breeds. Thyroxine can prevent the summer decline 
in fertility or restore spermatozoa production of rams in the fall.
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Highly significant correlations were found between protein- 
bound iodine and mean monthly ambient temperature concurrently (-0.29), 
and on one (-0.66) and two (-0.72) months previous bases. There were 
no indications, as reported by Griffith (40), that protein-bound iodine 
data may be used as an adjunct to present sire selection methods. How­
ever, future investigations using a larger number of randomly selected 
bulls under more ideal experimental conditions might produce results 
contrary to those reported. The work of Hall et al. (42) revealed that 
monthly protein-bound iodine was inversely related to environmental 
temperature and humidity. Similar results were also reported by Johnston 
et al. (51, 52).
10. Factors Affecting Respiration Rate and Body Temperature
The body temperature of a homeothermic animal must be maintained 
within a rather narrow limit for maximum efficiency. An animal is con­
fronted with either heat conservation or heat dissipation in order that 
it may stay within the thermal homeostatic zone. It has been shown that 
cattle are better equipped anatomically to conserve heat. The work of 
Brody (19) gives 30° to 60°F ambient temperature as the comfort zone for 
European breeds of cattle.
The effect of atmospheric temperature on body temperature and 
respiration rate of Jersey cattle has been studied by Gaalaas (38). A 
definite relationship between the temperature of the air and body tem­
perature of the cow, as well as the respiration rate, was noted. At an 
average air temperature of 50°F, the average body temperature was 101.0°F; 
and the average respiration rate was 20 per minute. At an air temperature
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of 95°F, the average body temperature was 103.2°F; and the average 
respiration rate was 90 per minute. Many authors, including Dordick 
(29), Johnston and Branton (50), Kellgren (53), Miller ej: _al. (69),
Regan and Richardson (84), Riek and Lee (86, 87), Smith (97), Green 
(39), Patrick jit al. (77, 78, 79), reported that rising air tempera­
tures are accompanied by rise in body temperature and respiration rate.
Animals on a high plane of nutrition, as reported by Robinson 
and Lee (88), exhibited an increase in rectal temperatures and respira­
tory rates, when exposed to hot conditions, as compared to animals on a 
lower nutritional plane.
The water consumption in swine was depressed by increased ambient 
temperatures as reported by Heitman et al. (45). Also, Ragsdale et al. 
(83) observed in dairy cattle that water consumption tended to parallel 
feed consumption, but a temperature above 80°F caused the water intake 
to increase with increasing temperatures. Hence, these investigators 
concluded that the optimal temperature zone for quantity and efficiency 
of milk production appeared to be around 50°F.
It was reported by Casady at al. (23) that correlations were 
higher between chamber temperatures of 60, 70, 80, 85, 90 and 95°F and 
respiratory rate, rump skin temperature and scrotal skin temperature in 
young bulls than correlations between rectal temperature. Respiration 
rates were more closely associated with rectal temperatures at chamber 
temperatures of 80° - 90°F. These findings are in agreement with Smith 
(97), and Phillips and McKenzie (82).
There was a tendency for feed consumption and body weight to in­
crease with increased light to 90 BTU/ft.^/hour and then to decline.
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Water consumption increased with increasing light, as was found in 
cattle by Brody £t a U  (18) .
Seath and Miller (92, 94), Seath (93) and Gaalaas (38) found 
that air temperatures of 90°F or above caused a marked increase in body 
temperatures and respiration rates of lactating cows, whereas relative 
humidity did not show such a relationship.
11. Mode of Action of Light
Avian physiologists believe that the duration and intensity of 
light operating through the pituitary is an important factor in influ­
encing reproductive and migratory activities in birds. Investigation 
by Benoit and Kehl (5) on ducks demonstrated that light is not neces­
sarily transmitted to the pituitary through the eyes to produce a stimu­
lating effect.
Yeates (114), working with sheep, and Bissonnette (7, 8), working 
with ferrets, interpreted that the onset of breeding activity is due to 
the alteration in the amount of daylight. Moulting in birds and the 
seasonal shedding of hair in anima:; have been shown to be affected by 
the light environment (114).
Nalbondov (74) stated that in some animals light governs only 
micro-periodicity as it does experimentally in sheep. In chickens - and 
presumably in other birds - light governs micro-periodicity for not only 
the breeding season itself, but also the laying of eggs with clutches is 
controlled by light. Just as there are "long-day" and "short-day" 
plants, so are there "long-day" and "short-day" animals. The breeding 
activity in the former is initiated by increasing length of day, as
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contrasted with decreasing length of day for the latter. The photo- 
periodic control of flowering has been known for almost 40 years, but 
its mechanism remains obscure. Dutt (31) suggested that in sheep under 
increasing light the pituitary secretes more than the compatible amount 
of gonadotrophic hormones, possibly leading to an imbalance between the 
follicle-stimulating and luteinizing hormones. The ovaries of anestrual 
ewes appear to be stimulated, as judged by follicular development, but 
fail to secrete estrogen and do not ovulate, because of an insufficient 
amount of luteinizing hormone. If this observation is valid, it contra­
dicts the assumption that the nonbreeding season in sheep is due to in­
activity of the pituitary gland. It was shown by Fiske (34) that light 
stimulates the pituitary of the female rat to produce and release addi­
tional follicle-stimulating hormone and less luteinizing hormone.
There is no complete agreement among research workers as to the 
exact manner by which light expresses its effect on the pituitary gland. 
Rowan (90) and Wolfson (113) stated that it is the added periods of wake­
fulness and muscular activity, rather than light acting upon the pitui­
tary per se, which causes the altering activity in birds. The results 
obtained by Fraps et: _al. (35) from an experiment in which hens were main­
tained under continuous light, but fed from 8:00 A.M. through 4:00 P.M. 
only, revealed that they laid most of their eggs between 6:00 A.M. and 
6:00 P.M. However, if feeding was allowed between 8:00 P.M. and 4:00 A.M. 
under continuous illumination, the time of laying was reversed within ten 
days to coincide with the feeding period. They concluded that photo­
periodicity is not a necessary factor in regulation of the time of lay­
ing hens, but under normal daylight, it may be associated mainly with
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those factors which determine body activity.
It does not follow, however, that the reproductive behavior of 
all seasonally breeding animals is totally dependent on stimulation by 
light. Ferrets kept in complete darkness and blinded ferrets showed 
estrus at the same season as control animals kept under normal light 
conditions. Cows that are blind because their optic nerves are com­
pletely atrophied, as a result of vitamin A deficiency, show perfectly 
normal reproductive cycles, with normal rates of ovulation and fertili­
zation. (73).
The evidence presented by Berliner and Warbritton (6) showed 
that the seasonal decline in fertility of rams was due to decreased 
thyroid activity. On the other hand, Yeates (114) concluded that the 
seasonal changes in fertility of rams appeared to be regulated entirely 
through the eyes by a photosensitive mechanism.
The review of available literature revealed an uncertainty among 
research workers as to the exact mode of light. However, it does ap­
pear that no single factor can explain the phenomenon; instead, wake­
fulness, body activity, plane of nutrition, environmental factors and 
light are responsible for the reproductive rhythm of birds and mammals.
However, from a series of experiments by Bissonnette (7), Benoit 
and Kehl (5), and others, it has been established that light usually 
acts on the retinas of the eyes and that its effect is relayed from 
them via the optic nerves to the hypothalamus, which responds by re­
leasing a substance that stimulates the pituitary gland. This chain is 
neurohumoral. It has been shown in ducks (5) that there are photore­
ceptors and that neither eyeballs nor intact optic nerves are necessary
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for the transmission of the light stimulus to the hypothalamic 
region.
12. Influence of Light on Reproductive Performance
While it is of academic interest to elucidate the factors respon­
sible for seasonal breeding habits in all farm animals, it is a matter 
of economic importance to the breeding organization. There can be no 
doubt that light plays an important role in determining the reproductive 
periodicity of animals. It is not known, however, to what degree sea­
sonal light and temperature influence the thyroid gland, which in turn 
affects the gonads.
The investigation started by Rowan (89) laid the foundation con­
cerning the effect of light on sexual activity of seasonal breeders. He 
concluded that gradual increments of increased light stimulated gonadal 
activity in Junco starlings. Sometime later, Rowan (90) demonstrated 
that progressive illumination during late fall and early winter induces 
testis activity and that a diminution in light was followed by testicular 
involution. The use of artificial light by Penquite and Thompson (81) 
in poultry houses has been successful in altering normal patterns of egg 
production in chickens during the winter months. Light stimulates 
spermatogenesis in several species of birds and stimulates the produc­
tion of semen in Leghorns (3).
Marshall (62), working with ferrets, indicated that the accelera­
tion of the estrous cycle was correlated with the degree of light in­
tensity. Irradiated females stopped cycling after being placed with 
the males. There was no explanation offered for the failure of preg­
nancy.
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It was reported by Bissonnette (9) that light was effective in 
controlling the breeding cycles in goats. He further concluded that 
temperature was not a major factor in environmental control of breeding 
activity in goats. Sykes and Cole (105) were successful in getting five 
out of eight ewes to lamb in November when they first gradually increased 
light until three hours of additional daylight were added in March. Then 
they decreased the illumination through May to the point where the ex­
perimental animals were receiving six hours less daylight than normally 
existed.
In 1947 Burkhardt (20) proved that the application of artificial 
light to pony mares during winter was effective in the accelerating re­
sumption of estrus following a normal anestrual season extending from 
November to March.
The onset of the breeding season in sheep, as reported by Yeates 
(114, 115), is a response to decreasing light and occurs 13 to 16 weeks 
after the change from increasing to decreasing light. The estrous 
periods stop 14 to 19 weeks after the change over. Neither candle 
power nor temperature had an effect on the onset or continuation of 
estrus. Semen quality of rams also appeared to be affected by the light 
environment. The investigation of Hart (43) demonstrated the effects of 
a fixed light-dark rhythm and found that a gradual decreasing level of 
light was not essential to induce the onset of estrus in sheep. He de­
ducted that a ratio of one part of light to two or more of darkness 
was effective in inducing estrus.
Means and co-workers (65) were only partially successful in in­
ducing estrus by controlling the light. These workers were able to
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initiate an early (late summer) breeding season in Western ewes; less 
success was encountered in Southdowns. Ten hours of light in the spring 
tended to stimulate estrus in about one-half of the animals, but breed­
ing efficiency was poor.
Mercier and Salisbury (67) concluded that the hours of daylight 
influence the fertility level in cattle and that the response is de­
pendent on the age of the animal. Young bulls were found to be most 
fertile in the winter months, while older bulls were least fertile dur­
ing the shorter days. In another study (68), the lowest percentage of 
successful services occurred in the winter and spring months. The 
monthly breeding efficiency was related to the average length of day­
light, but a time lag of 1 - 2 months existed. Sweetman (104) studied 
the effect of supplying extra light on fertility level of dairy cows.
A number of farmers supplied their cows with 14 hours of light, while 
other herds received only normal light plus that necessary to perform 
the daily operations. Herds receiving extra light had an average con­
ception rate of 53.6% compared to 48.6% for the group under natural 
light (P <  0.01).
The results of these studies show, without a doubt, that arti­
ficial light is a factor in controlling seasonal activity in both male 
and female of various species. Light appeared to be the primary con­
trolling element. It was found that the use of various wave lengths 
has no definite advantage over ordinary light, and that for most spe­
cies, the minimum intensity of artificial light requirement for full 
effect represents quite a feeble light, as shown by Yeates (116).
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13. Thyroid as Affected by Light
Considerable work has been done in the field of thyroid physi­
ology, but further work is needed to elucidate the role of the thyroid 
gland in the regulation of various reproductive processes in both sexes 
of animals. It is a rather well-established fact that high temperature 
suppresses thyroid activity, and cold stimulates the activity of the 
gland. However, the effect of artificial light has not yet been satis­
factorily determined.
Kenyon (54) and Mayerson (63) found that there was no hypertrophy 
or colloid loss in rats maintained under complete darkness. Hence, it 
was observed by Dempsey and Searless (26) that continuous light reduced 
the thyroid epithelial cell height; but by both continuous light and 
constant refrigeration, they increased thyroid acinar cell heights.
Using salamanders as research animals, Stein and Carpenter (99) 
found that added artificial illumination (17 hours per day for 6 days) 
resulted in taller acinar epithelium in the treated animals than in 
controls.
The thyroid secretion rate of two-week-old male chicks was in­
creased from 10.7 to 20.8 per cent in chicks maintained under constant 
light as compared with the controls, which received 12 hours of light, 
as demonstrated by Kleinpeter and Mixner (56). These research workers 
reported that quality of light had no effect.
However, the findings of Terry (107) showed that a higher uptake 
of for ewes under continuous darkness than for those under complete
light. The interpretation of this result is somewhat difficult since a
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high uptake in normal domestic animals is usually associated with an 
inactive thyroid..
Henderson (46) reported ewes maintained under twelve hours of 
light had increased thyroid activity as measured by the input and out­
put rate as compared to ewes housed under 8 and 16 hours light. The 
results of Hoersch et al. (49) showed that increasing the hours of light 
in increments of 4 hours produced a biphasic effect within the range 4 
through 24 hours per day. By increasing the illumination from 4 hours 
daily to 12, thyroid activity was progressively depressed; but with 
added light above 12 hours, the thyroid secretion rate steadily rose.
From this review, one may readily see that the literature is 
sparse and conflicting with regard to the effect of artificial light on 
the activity of the thyroid gland. Hence, additional research is needed 
to elucidate the effect of artificial light on the thyroid activity.
CHAPTER III
EXPERIMENTAL MATERIALS, METHODS, AND MANAGEMENT
A. Experimental Design
Twelve mature dairy bulls, selected on the basis of semen 
quality, were used in this study. An attempt was made to group 
animals into four sub-groups according to semen characteristics.
With each sub- group, bulls were randomly placed on three treat­
ments with each treatment consisting of four bulls. As a result of 
random placement of the animals on treatments, no consideration was 
given to the age or breed of the animals. Data were collected dur­
ing the period of May 1, 1961, through October 31, 1961. During 
the pre-experimental period (May 1 through May 29, 1961) and the 
post-experimental period (October 1 through October 31, 1961), all 
bulls were maintained under control conditions.
In order to make comparisons within groups and periods on semen 
characteristics and physiological responses, the experiment was di­
vided into five periods, as follows:
(1) Pre-experimental - five collection weeks.
(2) Period J. - consisted of animals in Groups II and III 




(3) Period 2 - consisted of animals in Groups II and III 
being exposed to 15 hours of controlled artificial light for six col­
lection weeks.
(4) Period 2  ~ consisted of animals in Groups II and III 
being exposed to 16 hours of controlled artificial light for six col­
lection weeks.
(5) Post-experimental - five collection weeks
It is well known that the seasonal variation in day-length be­
comes shorter and shorter, the winter day3 being relatively longer and 
the summer days shorter, as one approaches the Equator. For instance, 
the day-length averages for the months of June and December are 14.1 
and 10.3 in Louisiana.
The major factors considered in this study were semen charac­
teristics, physiological responses, climatic conditions (temperature 
and humidity), controlled artificial light and general behavior of bulls 
during experimental periods and their recovery, if any, during the post- 
experimental period.
t
B. Management of the Animals
During May, all bulls were contained under the routine manage­
ment practices of the Louisiana State University Dairy Improvement Center 
as outlined by Anderson (2), Kellgren (53) and Smith (97). On May 30th, 
the animals were placed in their respective experimental groups.
Groups I and II were housed in a large bull barn at the Dairy 
Improvement Center which is constructed of concrete blocks with a high
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ceiling and hay loft overhead. Animals were cooled with a 24-inch 
fan above each two bulls running continuously from 6:00 A.M. until 
11:00 P.M. daily. All animals in Groups I and II were maintained in 
individual tie stalls. This barn was equipped with a partition in 
the center so that Group I was separated from Group II.
The animals in Group I were cooled with fans and had access 
only to natural light of the day. This group was considered as the 
control group because animals were cared for in the same manner as rou­
tine management practices at the Dairy Improvement Center.
Group II animals were cooled in the same manner as Group I.
However, this group received, in addition, controlled artificial light.
Bulls in Group III were housed in an environmental control cham­
ber and restrained by use of halters and leads. Temperature was main­
tained at 64°F and vapor pressure at 15 mm. Hg. This group of bulls 
was exposed to controlled artificial light in the same manner as Group
n.
All bulls were under the same conditions of feeding and manage­
ment except for the mentioned treatments. Animals were fed morning
and evening and had access to water at all times. Throughout the study,
all animals received 0.5 pound of a grain and protein (13.5%) supple­
ment and 1.0 pound of high quality grass hay per 100 pounds of body 
weight daily.
The bulls in Groups I and II received one hour of exercise on a 
mechanical exerciser each day at 7:30 A.M. except on Sundays and col­
lection day.
In both Groups II and III, controlled artificial light was regu­
lated by an automatic electric timer switch. Duration of artificial 
light was increased at the rate of 10 minutes per week. The daily ranges 
of artificial illumination for Periods 1, 2, and 3 were 13.5 to 14.5,
14.5 to 15.5, and 15.5 to 16.5 hours, respectively. A patio lamp with a 
200 watt incandescent bulb was placed in front of each bull. This lamp 
was placed about 5 to 6 feet from the animal in such manner that the light
was aimed directly at the bull's eyes. The average light intensity for
*hGroups II and III was 3 8 - 5  foot candle, whereas the control (Group I) 
was exposed to only 1 0 - 8  foot candle. A Weston Illumination Meter 
(Model 756) was used to measure all light intensity readings.
C. Collection of Data'
1. Collection of Semen
The semen was collected in an artificial vagina according to (2,
53, 97) routine methods practiced by the Louisiana State University Dairy 
Improvement Center. Two ejaculates were collected from each bull weekly 
from May 1, 1961, through October 31, 1961. Semen was collected from 
half the bulls in the study on Mondays and from the remaining half on 
Thursdays. Each bull was given approximately a 2-minute "stimulating" 
time, standing 3 feet behind the teaser animal before being permitted to 
serve. Due to a lack of teaser animals, they were not randomized for all 
bulls. However, in so far as possible, the same collection animal was 
used for each bull each week in order to minimize any teaser differences. 
Also, the same person was in charge of the collection each week in order 
to prevent the introduction of any uncontrolled variables from this source.
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A rest period of at least 3 minutes was given between the first and 
second ejaculate.
Samples of semen were immediately taken to the laboratory, where 
quality tests were performed, and placed in a 27°C water bath.
2. Semen Characteristics
Per cent of initial progressively motile spermatozoa, volume of 
semen, and per cent of shippable ejaculates were determined on each 
ejaculate. The motility was determined by placing a small drop of 
semen in a small amount of physiological solution of 3% sodium citrate
on a slide which was at a temperature of 100°F and examining it under a
microscope with 440 X magnification. The motility was expressed as per 
cent of spermatozoa showing a progressive forward movement. Also, the 
rate of movement of the spermatozoa was estimated but was not used in 
the analysis due to the small amount of variation obtained.
The requirements for a shippable ejaculate are as follows:
(1) At least 50% progressively motile spermatozoa.
(2) Concentration of at least 500,000,000 spermatozoa per mil­
liliter.
(3) Methylene blue reduction time of 7 minutes or less.
(4) Abnormals not in excess of 25 per cent.
Ejaculates 1 and 2 were combined for concentration of spermato­
zoa, percentage of morphologically abnormal spermatozoa, methylene blue 
reduction test, and livability of spermatozoa in storage at 5°C for 72 
hours. Concentration of spermatozoa per milliliter was determined by 
the use of a Klett-Summerson photo-electric colorimeter. The color­
imeter was previously calibrated by obtaining the colorimetric density
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readings and hemocytometer counts on 100 samples as outlined by Salis­
bury et jal. (91). Five-hundredths milliliter of semen was pipetted 
into 1.95 milliliter of 3% sodium citrate solution in determining the 
concentration of spermatozoa per milliliter.
The methylene blue reduction test was standardized to contain 
240 million spermatozoa as outlined by Branton e£ ail. (15).
The percentage of morphologically abnormal spermatozoa was de­
termined on samples stained according to the procedures outlined by 
Shaffer and Almquist (96). A total of 100 spermatozoa was counted for 
each combined sample in obtaining the percentage of abnormal spermato­
zoa. Bent midpieces, curled tails, broken tails, head abnormalities 
and photoplasmic droplets were considered as being abnormal sperma­
tozoa.
Livability of semen was determined by placing 20,000,000 sperma­
tozoa per milliliter of extender and allowing to cool to 50°C in 2 hours. 
Semen was stored for 72 hours at 5°C. Thereafter, semen was examined 
for progressive motile spermatozoa as described above. Extender was 
formulated by dissolving 20% egg yolk to 80% of a 3% sodium citrate 
buffer. Each of the above solutions contained 100,000 units of strep­
tomycin per milliliter.
3. Physiological Information
Body temperature and respiration rate were recorded twice a week - 
on Tuesday and Friday between 1:00 P.M. and 3:00 P.M. - from May 1, 1961, 
through October 31, 1961. Body temperature measurements were made with 
the use of a 5-inch rectal thermometer inserted almost completely into
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the rectum. At least 3 minutes were allowed to elapse before the
thermometer was removed and the reading recorded.
Respiration rate was- determined by counting the flank move­
ments for two 15-second periods. If two counts were not identical, 
additional counts were made until a representative observation was 
determined.
4. Weather Data
Throughout the experiment maximum and minimum ambient air tem­
peratures in the large barn were recorded daily. One maximum-minimum 
thermometer was placed in the section of the b a m  where Group I and II
were housed A continuous recording psychrometer in the environmental
control chamber maintained a record of both wet and dry bulb tempera­
ture. Vapor pressure values were calculated from these observations 
by use of a psychrometric chart. The wet bulb reading was obtained 
from the Baton Rouge Weather Bureau.
5. Thyroid Activity Measurements
After an adjustment period of 14 days, blood serum protein bound 
iodine was determined on each animal for each period with the exception 
of Period 2 (two determinations were made). All blood samples were ob­
tained from the jugular vein. Protein-bound iodine was determined by 
the method of Taurog and Chaikoff (106) and modified by Moran (72). 
Blood samples were collected at the middle of each period.
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D. Analysis
All physiological and semen characteristic data were adjusted to 
correct for pre-experimental group differences. This was possible by 
the following formula:
'y'=ob + b ( X - X )
Whereas:
'yka adjusted values 
ob - observed data 
b = regression (see Table 15)
X = mean for all bulls during pre-experimental period 
X = mean for each bull during pre-experimental period 
Analysis of variance as outlined by Snedecor (98) was applied to each 
of the physiological and semen characteristic measurements for the com­
plete study on adjusted values.
The weather data were divided into groups by periods and a mean 
maximum, minimum and vapor pressure were calculated, as well as standard 
deviation. Analysis of variance tables appear in the Appendix.
CHAPTER IV
RESULTS AND DISCUSSION
In order that the results of this investigation may be kept in 
an orderly and systematic manner, it is presented in four separate 
sections. The first section contains the weather data, while the sec­
ond section is devoted to the study of semen characteristics. The 
third section deals with the physiological responses, and the last sec­
tion contains the post-experimental results.
A. Weather Data
The data presented in Table 1 represent the ambient conditions 
expressed as temperature and vapor pressure. The ambient temperatures 
for Groups I and II are of the same values since both groups were housed 
in the same barn. The highest temperature was recorded in Period 2 and 
the lowest was in Period 1. Group III was housed at a constant tempera­
ture of 64°F and 15 mm. Hg. vapor pressure throughout the investigation 
with the exception of the pre-experimental and post-experimental periods. 
Most research workers consider the temperature under which Group III was 
housed to be within the zone of thermal neutrality for the bovine spe­
cies. This study was conducted during a mild summer as compared to 









Periods Groups Mean S.D. Mean S.D. Mean S.D.
1 1 & 2 85.4 2 . 8 73.7 2.4 18.1 1.3
3 64.0 - 64.0 - 15.0 -
2 1 & 2 87.8 2.7 77.4 2.3 2 0 . 6 1 . 2
3 64.0 - 64.0 - 15.0 -
3 1 & 2 86.3 3.4 74.7 4.6 19.2 3.4
3 64.0 - 64.0 - 15.0 -
Post ex­
periment 1,2 & 3 80.4 4.9 64.6 7.2 13.2 4.2
* Temperature in degrees Fahrenheit.
** Vapor pressure in mm. Hg.
S.D. Standard deviation.
B. Semen Characteristics
1. Percentage of Progressively Motile Spermatozoa
The percentage initial progressive motility of semen was sig­
nificantly affected by the use of controlled artificial light, as shown 
in Table 2. All bulls in Groups II and III showed some degree of re­
sponse from the influence of controlled artificial light. On the other 
hand, bulls in Group I showed a decline in the per cent initial pro­
gressive motility of semen in the following descending order: Periods 1, 
2 and 3. The effects of high temperatures, increased vapor pressure 
(humidity), increased respiration rates and the lack of stimulation from 
artificial light appear to have been some of the factors associated with
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the decline in percentage initial progressive motility. It would seem 
logical to conclude that artificial light counteracted some of the ef­
fects of temperature, humidity and respiration rates under the condi­
tions of this investigation. The analysis of variance (See Appendix 
Table 1) revealed that mean progressive motility for Groups II and III 
were significantly different (P^O.Ol) from Group I. However, there 
was no significant difference between Groups II and III. This would 
indicate that the observed variation was due primarily to controlled 
artificial light. Since group-by-period interaction was not present, 
this would further imply that bulls within group and period reacted 
alike throughout this investigation.
TABLE 2
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES 




1 47.9 50.9 51.5 50.1*
2 46.5 49.9 50.7 49.0*
3 44.3 47.4 48.4 46.7
Mean 46.1 49.3** 50.1** 48.5
a/ Motility is expressed as percentage of spermatozoa showing 
a progressive forward movement on a gradient of 0 - 1 0 0 .
* Periods 1 and 2 differ significantly from period 3 at the 
0.05 level of probability.
** Groups 2 and 3 differ significantly from group 1 at the 
0 . 0 1  level of probability.
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These data presented in Table 2 indicate that length of con­
trolled artificial light affected the percentage initial progressive 
motility of semen. Periods 1 and 2 were significant (P< 0.05) from 
Period 3. This suggests that increasing length of artificial light 
resulted in a decline in the percentage initial progressive motility 
of semen in the following order: Periods 1, 2 and 3. These results
indicate that the optimum length of artificial light under the condi­
tions of this study lie between 14 and 15 hours.
The declining motility observed in Group I of this study is in 
concurrence with the findings of several other workers (39, 53, 76,
77, 78). The mode of effect of high temperature and humidity on semen 
quality and production is not known. Since sperm production is absent 
in a bilateral cryptorchid,. it is logical to assume that elevated 
scrotal and body temperatures may damage the spermatozoa during sperma­
togenesis and/or in the epididymis where maturation takes place. Other 
workers think that the high temperature has an effect similar to crypt­
orchidism in which the germinal epithelium degenerates and sperm pro­
duction decreases. Investigations of Branton ejt . (17) suggest that 
a low thyroid secretion rate during hot weather may affect semen qual­
ity. The effect of artificial light and/or temperature on the repro­
ductive activity was of a temporary nature since all bulls recovered 
during the post-experimental period. Data presented in Table 14 show 
that the differences among groups were not significant. Analysis of 
variance is presented in the Appendix Table 13.
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2. Volume of Semen
Data presented in Table 3 show that artificial light had no 
effect on the volume of semen collected per ejaculate. The analysis 
of variance (See Appendix Table 2) reveal the fact that no significant 
differences existed among groups and periods. These results are in 
agreement with previous studies in Louisiana (39, 53, 76, 77, 78, 79, 
97), which showed no variation in volume of semen. However, these 
data seem to indicate that a trend may be present among periods since 
the corrected mean values were 4.78, 4.41, and 4.34 ml. per ejaculate 
for Periods 1, 2 and 3, respectively.
TABLE 3
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES 




1 2 3 Mean
1 5.18 4.60 4.55 4.78
2 4.76 4.45 4.02 4.41
3 4.52 4.42 4.31 4.34
Mean 4.80 4.41 4.28 4.49
a/ Period and group means were not significantly different at 
the 0.05 level of probability.
It is important that sires in artificial insemination service 
produce liberal amounts of semen in order that they may be bred to a 
large number of females. Although there is no definite correlation be' 
tween volume per ejaculate and fertility, generous-sized collections
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are desirable. However, a large volume of semen is not always accom­
panied by a high concentration of spermatozoa. Of all the various tests 
for semen quality, the best known indices of semen quality are percent­
age initial progressive motility and concentration of spermatozoa and 
their associating metabolic activity and livability.
3. Percentage of Morphological Abnormal Spermatozoa
Incidence of morphological abnormal spermatozoa was reduced by 
the influence of artificial light. As shown in Table 4, the corrected 
mean values for abnormal spermatozoa were 11.5% and 11.1% for Groups II 
and III, respectively. These differences were significant (P<  0.01) 
from Group I with a corrected mean value of 15.4%.
TABLE 4
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES FOR 
PERCENTAGE OF MORPHOLOGICAL ABNORMAL SPERMATOZOA
Groups
Groups 1 2 3 Mean
1 11.4
(Per cent) 
9.2 9.2 9. 9**
2 15.1 1 0 . 8 10.7 12.9**
3 18.9 14.3 13.0 15.4
Mean 15.4 11.5** 1 1 .1** 1 2 . 6
** Groups 2 and 3 differ significantly from group 1 at the 0.01 
level of probability; also, periods 1 and 2 differ signifi­
cantly from period 3 at the 0.01 level of probability.
Since Group I was significantly different (P <  0.01) from Group II, 
this further substantiates the influence of artificial light. The 
predominant type of morphological abnormal spermatozoa was bent
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midpiece, which was characteristic of the type of abnormalities found 
in previous studies conducted during similar times of the year in 
Louisiana (39, 50, 76, 78, 79). The presence of protoplasmic droplets 
was normal with a range of one to; two per cent.
The increased length of artificial illumination resulted in an 
increase in percentage of morphological abnormal spermatozoa. Analysis 
of variance showed that Periods 1 and 2 were significantly different 
(P ^0.01) from Period 3 (Appendix Table 3). There was no group-by- 
period interaction, indicating that all bulls responded in the same 
manner during this period of investigation. The corrected mean values 
indicate that 14 hours of artificial light resulted in the lowest per­
centage of morphological abnormal spermatozoa. However, the post- 
experimental period (Table 14) showed that this response was of a 
temporary nature. The analysis of variance disclosed that no signifi­
cant differences were observed among groups (Appendix Table 15).
Several investigations (48, 100, 102, 103) have shown that an 
excessive number of abnormal spermatozoa will lower fertility. High 
quality semen should not-eontain more than 5 to 15% morphologically 
abnormal spermatozoa, whereas average quality semen may contain 10 to 
20% abnormal sperm (1). In semen of poor quality, as high as 30% or 
more of the spermatozoa may be abnormal in morphology. At no time did 
any of the experimental bulls exceed 29% abnormal spermatozoa. King­
man (55) stated that abnormal counts of 36% or more may be due to de­
generation or atrophy. A study by Casady et al. (23) demonstrated 
that spermatogenesis was impaired when two bulls were exposed to 100°F 
for a 2-week period and also upon exposure to 8 6 °F for 5 weeks.
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4. Concentration of Spermatozoa
Artificial light did not appear to have any effect on the con­
centration of spermatozoa regardless of the methods of calculation 
used in this investigation. Concentration of spermatozoa was calcu­
lated in the following manner:
a) The number of spermatozoa per milliliter of semen; b) the 
total number of live spermatozoa produced (ejaculate 1 & 2 combined); 
c) the total number of spermatozoa produced (ejaculate 1 & 2 combined).
As shown in Table 5, the number of spermatozoa produced per mil­
liliter of semen was not influenced by artificial light nor did the 
length of artificial illumination show any effect. The analysis of 
variance revealed that differences among groups and periods were not 
significant. This would explain why no trend was present.
TABLE 5
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES 




1 2 3 Mean
1 938.1
(Sperm conc./ml. x 10^) 
963.4 1,038.9 980.1
2 8 8 6 . 8 1,083.3 1 ,0 0 0 . 6 990.3
3 918.5 994.2 1,076.6 996.4
Mean 913.1 1,016.6 1,038.7 989.5
ej None of these differences were statistically significant at 
the 0.05 level of probability.
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The total number of live spermatozoa produced was not affected 
by the use of artificial light, as indicated in Table 6 . The analysis 
of variance (Appendix Table 5) disclosed that differences among groups 
and periods were not significant. It was felt that a difference might 
exist since a highly significant difference was attained on the per­
centage initial progressive motility. However, a trend was indicated 
among periods, which indicated that increased length of artificial 
light might result in a decline in total number of live spermatozoa.
A similar trend was found for initial progressive motility as shown in 
Table 2. Since most studs dilute semen on the basis of the number of 
live spermatozoa rather than on the total number of spermatozoa, the 
total number of live spermatozoa is the most meaningful methods of 
evaluating concentration.
The results shown in Table 7 revealed that artificial light has 
no effect on the total number of spermatozoa produced. Differences 
among groups and periods were not significant (Appendix Table 6). How­
ever, the data suggest that increased length of artificial illumination 
and/or temperature may have had an adverse effect on total number of 
spermatozoa produced.
The findings of several workers (22, 39, 53, 78, 79) revealed that 
concentration of spermatozoa per milliliter of semen decreased during 
periods of thermal stress. Such a decrease may be due to one or a com­
bination of factors:
(1) A degenerative change in the seminiferous tubules,




EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES 
FOR TOTAL NUMBER OF LIVE SPERMATOZOA 
(Ejac. 1 & 2 combined)
Periods — /
Groups £/




2 4,930.19 6,128.13 5,182.46 5,420.20
3 4,709.25 5,171.73 5,553.21 5,144.73
Mean 5,106.19 5,688.18 5,610.97 5,467.04
&/ None of these differences were statistically significant 
at the 0.05 level of probability.
TABLE 7
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES 
FOR TOTAL NUMBER OF SPERMATOZOA 
(Ejac. 1 & 2 combined)
Periods
Groups SJ




2 10,832.69 12,257.59 10,354.38 11,148.22
3 10,671.27 10,926.70 11,460.24 11,019.41
Mean 11,206.51 11,539.77 11,227.78 11,324.68
a/ None of these differences were statistically significant 
at the 0.05 level of probability.
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(3) An increased rate of degeneration and reabsorption of 
spermatozoa.
Regardless of the method of calculation, the concentration of 
spermatozoa revealed that no significant differences among groups were 
attained during the post-experimental period (Table 14).
5. Methylene Blue Reduction Test
The relative length of time required for the reduction of the 
blue color in the methylene blue reduction test serves as an index of 
the metabolic activity of semen. Branton et al. (15) reported a sig­
nificant negative correlation of 0 . 8 6  between methylene blue reduction 
and initial progressive motility.
The analysis of variance (Appendix Table 7) divulged that Groups 
II and III were significantly different (P^.0.01) from Group I. The 
influence of artificial light resulted in a slight but significant de­
crease in methylene blue reduction time. These results were not sur­
prising since there is a negative correlation between motility and 
methylene blue reduction time. The slight differences among periods 
were not statistically significant; however, the corrected mean values 
indicate that 14 and 15 hours of artificial light may be better than 16 
hours.
The influence of artificial illumination on methylene blue reduc­
tion time did not appear to have a residual effect since the differences 
among groups were not significant during the post-experiment period.
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TABLE 8
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES FOR 
METHYLENE BLUE REDUCTION TIME 
(Revised)
Groups
Periods 1 2 3 Mean
(Min.)
1 5.80 4.85 4.70 5.12
2 5.45 4.79 4.70 4.98
3 5.50 5.33 5.04 5.29
Mean 5.57 5.00** 4.82** 5.13
** Groups 2 and 3 differ significantly from group 1 at the 
0 . 0 1  level of probability.
6 . Percentage Shippable Ejaculates
All ejaculates having a minimum initial concentration of 500 
million spermatozoa per ml. of semen, an initial progressive motility 
of 50% or better, a methylene blue reduction time of less than 7 min­
utes, and less than 25% abnormal spermatozoa were termed shippable. 
Accordingly, percentage of shippable ejaculates is a figure represent­
ing the net results of these four semen characteristic values.
The analysis of variance (Appendix Table 8) divulged that Groups 
I and II were significantly different (P <  0.01) from Group IIt. This 
result implies that artificial light had an advantageous effect on the 
percentage of shippable ejaculates. A significant difference (P< 0.01) 
was also observed between Groups I and II.
Although there is a wide difference between the mean percentage 
of shippable ejaculates for Period 1 (50.677®), Period 2 (43.83%) and
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Period 3 (31.83%), as shown in Table 9. An analysis of variance re­
vealed no statistically significant differences among periods. The 
corrected mean values indicate that a trend may be present among 
periods. These data further manifest that increased length of arti­
ficial illumination may have had an adverse effect on the percentage 
of shippable ejaculates.
TABLE 9
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES FOR 
PERCENTAGE OF SHIPPABLE EJACULATES
Groups




2 17.00 31.75 81.75 43.83
3 10.25 2 1 . 0 0 64.25 31.83
Mean 18.25 32.58** 75.50** 42.11
** Groups 2 and 3 differ significantly from group 1 at the
0 . 0 1  level of probability.
The results of Group I in this study are in general agreement with 
the findings of other investigators (40, 53, 76, 77).
These advantages attained from artificial light were of temporary 
nature since no statistically significant differences among groups were 
disclosed during the post-experimental period. The analysis of vari­
ance is presented in Appendix Table 19.
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7. Livabillty of Spermatozoa
The data presented in Table 10 signify that artificial light 
influenced the livability of semen stored at 5°C for 72 hours. Groups 
II and III were significantly different (P< 0.01) from Group I, as 
shown in Appendix Table 9. This response in livability was not sur­
prising since a positive correlation of 0.69 exists between initial 
motility and livability of semen.
TABLE 10
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES FOR 






1 34.0 39.3 41.0 38.1
2 34.6 38.7 40.6 38.0
3 31.8 34.5 37.5 34.6
Mean 33.4 37.4** 39.6** 36.8
Groups 2 and 3 differ significantly from group 1 at the 
0 . 0 1  level of probability.
The analysis of variance disclosed that the differences among 
periods were not statistically significant. However, the corrected 
mean values showed that the results from 14 and 15 hours of artificial 
light were essentially the same while 16 hours was slightly less. This 
suggests that the increasing length of artificial light may have re­
duced the livability of semen in storage. The livability test was used
t
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in this study as an index to measure the quality of semen. Swanson 
and Herman (102) , Weeth and Herman (11) and Margolin et: al. (61) re­
ported that longevity of semen was highly correlated with fertility. 
Thus, theoretically, one can predict that the semen obtained from 
bulls exposed to supplemental artificial light would possess a higher 
level of fertility.
In analyzing the post-experimental period, it was found that 
no significant difference existed among groups (Appendix Table 20). 
There was a spread of 2.5% progressive motility among the three groups.
C. Physiological Response
1. Protein-Bound Iodine
The serum protein-bound iodine of these 12 dairy bulls showed a 
pronounced difference between 14 and 16 hours of artificial light. The 
highest corrected mean values obtained were for Periods 1 and 3 with 
values 4.02 and 4.07 meg. %, respectively (Table 11). Periods 1 and 3 
were significantly different (P<  0.01) from Period 2 (Appendix Table 
10). The effect of artificial illumination caused the serum protein- 
bound iodine for these periods to show a downward trend at 15 hours of 
artificial light with a return to the same for 14 and 16 hours of arti­
ficial light. These findings are in general agreement with those of 
Hoersch et al. (49) for sheep. Several researchers (40,27, 51, 17, 50) 
found that high environmental temperatures, which occurred during the 
summer and early fall months, repress thyroid gland activity.
There were no statistically significant differences found among 
groups. All bulls within group by period seemed to have reacted alike
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TABLE 11
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES FOR 
PROTEIN-BOUND IODINE LEVEL
Groups
Periods 1 2 3 Mean
- (Meg. %)
1 4.13 4.19 3.74 4.02**
2 1.96 2 . 6 6 2.64 2.42
3 3.93 4.17 4.12 4.07**
Mean 3.34 3.67 3.50 3.50
** Periods 1 and 3 differ significantly from period 2 at the 
0 . 0 1  level of probability.
throughout this study, since group by period interaction were not sig­
nificant. The corrected mean values for groups would further indicate 
that artificial light was responsible for the stimulation of the thy­
roid gland.
Activity of the thyroid gland should, theoretically, remain at a 
constant level during the winter because of the two opposing forces of 
decreasing temperature and increased light after December 21. The low­
ered temperature would have a stimulatory effect, while the increased 
illumination -- up to 1 2 hours in late winter -- would have a depress­
ing effect.
There has never been an adequate explanation of the spring peak 
in metabolism of the thyroid activity. The function of temperature 
cannot fully explain the thyroid activity in the spring, since the tem­
perature is progressively warmer during this time and tends to suppress
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the thyroid activity. It is possible that the response of the thy­
roid is due to the increasing increment of natural light beyond 1 2  
hours in the spring. It has been established that the thyroid gland 
influences the metabolism of warm blooded animals in the order of 40% 
and that the thyroid may directly affect reproductive phenomena.
From the data reported in this investigation, it appears that 
the ability of bulls to maintain a given level of serum protein-bound 
iodine is more an individual than a breed characteristic.
2. Body Temperature
The corrected mean values for body temperatures were well within 
the normal range for all groups (Table 12). There were no statistically 
significant differences among groups and periods (Appendix Table 11).
All animals in this study maintained a corrected mean body temperature 
of 101.36°F during the entire investigation.
TABLE 12
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES 




1 2 3 Mean
(°F)
1 101.14 101.35 101.50 101.33
2 101.26 101.55 101.41 101.40
3 101.09 101.60 101.32 101.34
Mean 101.16 101.51 101.41 101.36
a/ None of these differences were statistically significant at 
the 0.05 level of probability.
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These body temperatures indicate that no groups of animals 
were stressed beyond their ability to dissipate heat as fast as 
metabolic processes produced it. All animals were able to adjust 
their heat production and heat elimination to keep the proper body 
temperature balance.
The results of numerous investigations (39, 50, 53, 76, 77,
78, 97) show that body temperatures are positively correlated with am­
bient air temperatures. Casady et al. (23) concluded that the body 
temperature of bulls exposed to elevated temperatures was highly cor­
related with ambient air temperature. Body temperature appears to be 
a good index of the animal's internal reaction to stress, based on the 
results of other studies.
The analysis of variance (Appendix Table 22) revealed that no 
statistically significant differences occurred during the post-experi­
mental period.
3. Respiration Rates
Even though the stress was not sufficient to cause drastic rises 
in body temperatures, there were significant differences (P< 0.01) in 
respiration rates between groups, with Groups II and III less than 
Group I. These results indicate that the differences obtained among 
groups were the result of artificial light. Artificial light reduced 
the respiration rates, as indicated in Table 13. It is not known what 
mode of action was responsible for this reduction in respiration other 
than thyroidal activity, which was influenced by artificial light.
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TABLE 13
EFFECT OF ARTIFICIAL LIGHT ON CORRECTED MEAN VALUES FOR
RESPIRATION RATES
Groups




2 39.3 31 rl 32.4 34.3
3 37.1 29.2 30.7 32.3
Mean 36.8** 29.2 30.5 32.4
a/ Values are expressed as flank movements per minute.
** Group 1 differs significantly from groups 2 and 3 at the
0 . 0 1  level of probability.
Thyroid activity is at its peak in the spring, and body tempera­
ture and respiration rates are normal at this time. Consequently, the 
results of this study indicate that thyroidal activity was affected by 
artificial illumination. Thus, it may be possible to theorize that the 
response obtained in respiration rates may have been due, in part, to 
the thyroidal activity.
The length of artificial light did not result in any statisti­
cally significant differences in respiration rates (Table 13). The 
findings of Hoersch et _al. (49) with sheep indicated that no clear-cut 
pattern prevailed which could be explicitly attributed to light. The 
respiration rates did decline with increasing hours of light and then 
increased with constant illumination. It has been reported by many 
workers (18, 39, 50, 53, 8 8 ) that increasing ambient temperatures
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increase the respiration rates. However, this was not found to be 
the case when artificial illumination was used.
D. Post-Experimental Period
The post-experimental period results are shown in Table 14.
All of the responses observed in the experimental periods were of a 
temporary nature, since no statistically significant differences among 
groups were encountered during the post-experimental period.
The data presented in Table 15 represent the correlation and re­
gression of values between the pre-experimental and the experimental 
periods. These b values were used in the computation of the analysis 
as stated in Chapter III.
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TABLE 14
EFFECT OF ARTIFICIAL LIGHT OH CORRECTED MEAN VALUES FOR 
SEMEN CHARACTERISTICS DURING THE POST- 
EXPERIMENTAL PERIOD
Groups
Characteristics 1 2 3 Mean
Volume (ml.) 4.97 4.75 4.75 4.62
Initial Motility (%) 44.30 47.00 45.60 45.60
Concentration 
(Sperm conc./ml. x 10) 945.20 995.60 990.80 977.20
Abnormal (7.) 15.30 14.50 14.30 14.70
Methylene blue (min.) 
(revised) 5.45 5.23 5.20 5.29
Livability (% motility) 32.30 34.80 34.80 33.90
Protein-bound iodine (mcg.%) 4.03 3.83 4.14 4.00
Total live sperm (X 10^) 
(Ejac. 1 & 2 combined)
5021.90 4892.40 5056.10 4990.20
Shippable ejac. (%) 1 0 . 0 0 12.50 21.25 12.92
Body temperature (°F) 101.48 101.61 101.57 101.55
Respiration (count per min.) 31.70 28.20 29.30 29.70
TABLE 15
RELATIONSHIP BETWEEN BASE PERIOD AND EXPERIMENTAL PERIODS
Periods
1 2 3
bxyx r2xyx rxyx bxy2 r2xy2 rxy£ bxyg r2xy3 rxy3
Volume (ml.) 1.0507 .6751 .8216 .9767 .8015 .8952 .8806 .8034 .8963
Initial motility (7.) .3319 .1297 .3601 . 1 1 2 0 .0186 .1364 .0609 .0062 .0793
Concentration ^ 
(Sperm conc./ml. X 10 ) .6086 .4387 .6623 .4592 .2971 .5451 .5902 .3195 .5652
Abnormal (%) .6325 .3231 .5684 .3493 .0429 .2072 .6265 .0611 .2472
Methylene blue (Min.) 
(revised) .3815 .0844 .2906 .1516 .0484 . 2 2 0 1 .1224 .0282 .1681
Livability (% motility) .3940 .0885 .2975 .2246 .0383 .1957 .0993 .0094 .0970
Respiration rate (count per min.) 2.0428 . 6 8 6 6 .8286 3.2419 .7912 .8895 2.8757 .8438 .9186
Body temperature (°F) 1.1818 .6377 .7985 .9752 .6357 .7973 -.9504 .0266 .1632
x = Base period. y£ = Period two (15 hours of artificial light).




This study involved twelve dairy bulls of the Jersey, Holstein 
Friesian and Guernsey breeds and was conducted from May 1, 1961, to 
October 31, 1961. The experimental design of this investigation did 
not lend itself to determining an "elite environmental condition." 
However, the primary objective was to establish whether or not artifi­
cial incandescent illumination is necessary in obtaining the maximum 
quantity and quality of semen production from bovine males during the 
summer months. From the review of literature and the results obtained 
under the prevailing conditions of this investigation, the following 
conclusions appear justified:
1. The duration of artificial illumination seems to be an im­
portant factor in influencing semen quality as well as physiological 
responses of bovine bulls.
2. The use of artificial incandescent illumination resulted in 
a beneficial effect on the initial motility, abnormal spermatozoa, 
methylene blue reduction time, percentage of shippable ejaculates and 
livability of semen stored at 5°C for 72 hours. However, the greatest 




3. No statistically significant effects were shown for arti­
ficial illumination on the volume of semen produced and the concen­
tration of spermatozoa.
4. Body temperature was not significantly affected by artifi­
cial incandescent light. However, artificial incandescent illumination 
reduced respiration rates, indicating that artificial light may aid in 
reducing stress.
5. The serum protein-bound iodine data indicate a partial con­
trol of thyroidal activity by the use of artificial incandescent illumi­
nation.
Additional experimental data are needed in this field before the 
application of artificial illumination may be positively recommended for 
stimulation of the reproductive performance of the bovine male. The 
quality of artificial light - whether it may be incandescent or fluores­
cent - should receive careful consideration. Also, the intensity of 
illumination is another aspect that needs more investigation.
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Periods (P) 2 408.00 4.01*
Groups (G) 2 609.00 5 .9 9 **
P x G 4 1 . 0 0 < 1
Bulls within P x G 27 101.51 6.18**
Residual 372 16.42
* Significant at the 0.05 level of probability.
** Significant at the 0.01 level of probability.
TABLE 2










Periods (P) 2 6.96 1 . 1 1
Groups (G) 2 9.95 1.59
P X G 4 1.40 < 1
Bulls within P x G 27 6 . 2 2 2.40**
Residual 372 2.59
** Significant at the 0.01 level of probability.
TABLE 3











Periods (P) 2 503.50 2 0 .0 2 **
Groups (G) 2 377.00 14.99**
P x G 4 20.25 < 1
Bulls within P x G 27 25.14 3.08**
Residual 168 8.15
** Significant at the 0.01 level of probability.
TABLE 4
a/
ANALYSIS OF VARIANCE FOR CONCENTRATION OF SPERMATOZOA -  










Periods (P) 2 4,389.00 < 1
Groups (G) 2 305,813.50 2.61
P x G 4 66,452.75 < 1
Bulls within P x G 27 116,896.55 2.03**
Residual 168 57,448.08
a/ Sperm concentration- x 10**.
- ** Significant at the 0.01 level of probability.
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TABLE 5
ANALYSIS OF VARIANCE FOR TOTAL NUMBER OF LIVE 
SPERMATOZOA */
(Ejaculate 1 & 2 combined)
Source of Degrees of Mean F
variance freedom squares value
Total 203
Periods (P) 2 9,661,936.10 1.45
Groups (G) 2 6,773,450.71 1 . 0 1
P x G 4 3,959,197.98 < 1
Bulls within P x G 27 6,648,725.66 2.77**
Residual 168 2,396,553.84
&/ Spermatozoa concentration x 1 0 6.
** Significant at the 0 . 0 1  level of probability.
TABLE 6
ANALYSIS OF VARIANCE FOR TOTAL NUMBER OF SPERMATOZOA
Source of Degrees of Mean F
variance freedom squares value
Total 407
Periods (P) 2 14,501,666.36 < 1
Groups (G) 2 2,367,013.68 < 1
P x G 4 14,540,913.40 <1
Bulls within P x G 27 35,572,336.51 7.84**
Residual 372 4,536,220.80
&/ Spermatozoa concentration x 1 0 6.
** Significant at the 0 . 0 1  level of probability.
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TABLE 7
ANALYSIS OF VARIANCE FOR METHYLENE BLUE REDUCTION TIME 










Periods (P) 2 1.69 < 1
Groups (G) 2 10.42 5.66**
P x G 4 1 . 0 1 < 1
Bulls within P x G 27 1.84 3.17**
Residual 168 0.58
** Significant at the 0.01 level of probability.
ANALYSIS OF
TABLE 8 
VARIANCE FOR PERCENTAGE OF SHIPPABI£ EJACULATES
Source of Degrees of Mean F
variance freedom squares value
Total 35
Periods (P) 2 10.90 1.09
Groups (G) 2 101.49 10.16**
P x G 4 0.90 < 1
Residual 27 9.09
** Significant at the 0.01 level of probability.
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TABLE 9










Periods (P) 2 278.00 2.91
Groups (G) 2 667.50 6.98**
P x G 4 8.75 < 1
Bulls within F x G 27 95.51 7.35**
Residual 168 12.98
** Significant at the 0.01 level of probability.
ANALYSIS
TABLE 10 










Periods (P) 2 10.58 23.00**
Groups (G) 2 0.34 < 1
P x G 4 0.40 < 1
Residual 27 0.46
** Significant at the 0.01 level of probability.
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TABLE 11










Periods (P) 2 0 . 2 2
Groups (G) 2 4.29 < 1
P x G 4 0.59 < 1
Bulls within P x G 27 2 . 2 1 18.41**
Residual 372 0 . 1 2
** Significant at the 0.01 level of probability.
ANALYSIS
TABLE 12
OF VARIANCE FOR RESPIRATION RATES 
PER MINUTE
Source of Degrees of Mean F
variance freedom squares value
Total 407
Periods (P) 2 492.50 1.96
Groups (G) 2 1,997.50 7.95**
P x G 4 53.00 < 1
Bulls within P x G 27 251.25 4.50**
Residual 372 55.71




ANALYSIS OF VARIANCE FOR INITIAL PROGRESSIVE MOTILITY PER










Groups 2 75.50 2.64
Between Bulls in




OF VARIANCE FOR VOLUME OF SEMEN PER EJACULATE 
DURING THE POST-EXPERIMENTAL PERIOD
Source of Degrees of Mean F
variance freedom squares value
Total 59
Groups 2 7.21 41
Between Bulls in




OF VARIANCE FOR PERCENTAGE OF MORPHOLOGICAL 
ABNORMAL SPERMATOZOA DURING THE 
POST-EXPERIMENTAL PERIOD
Source of Degrees of Mean F
variance freedom squares value
Total 59
Groups 2 5.00 41
Between Bulls in
groups 9 8 . 6 6 < 1
Residual 48 1 0 . 0 2
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TABLE 16











Groups 2 15,488.50 < 1
Between Bulls in




VARIANCE FOR TOTAL NUMBER OF LIVE SPERMATOZOA 
DURING THE POST-EXPERIMENTAL PERIOD BJ
Source of Degrees of Mean F
variance freedom squares value
Total 59
Groups 2 149,059.67 < 1
Between Bulls in
groups 9 13,586,825.32 14.54**
Residual 48 934,407.94
a/ Spermatozoa concentration x 10^.
** Significant at the 0.01 level of probability.
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TABLE 18
ANALYSIS OF VARIANCE FOR METHYLENE BLUE REDUCTION TIME DURING
THE POST-EXPERIMENTAL PERIOD 










Groups 2 38.00 1.08




VARIANCE FOR PERCENTAGE OF SHIPPABLE 
DURING THE POST-EXPERIMENTAL PERIOD
EJACULATES
Source of Degrees of Mean F
variance freedom squares value
Total 1 1





ANALYSIS OF VARIANCE FOR LIVABILITY OF SPERMATOZOA
DURING THE POST-EXPERIMENTAL PERIOD
Source of Degrees of Mean F
variance freedom squares value
Total 59
Group8 2 41.50 < 1
Between Bulls in
groups 9 73.88 6.73**
Residual 48 10.97
** Significant at the 0.01 level of probability.
TABLE 21
ANALYSIS OF VARIANCE FOR PROTEIN-BOUND IODINE LEVEL 















ANALYSIS OF VARIANCE FOR RECTAL BODY TEMPERATURES










Groups 2 18.50 < 1
Between Bulls in
groups 9 8 8 . 8 8 4.95**
Residual 48 17.93
** Significant at the 0.01 level of probability.
TABLE 23











Groups 2 131.50 < 1
Between Bulls in
groups 9 194.65 < 1
Residual 48 247.85
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